GDM at different thresholds, use different glucose loads (75 vs. 100 grams), use one versus two step screening, and require one versus two abnormal values resulting in different rates of women being treated for GDM. Consequently, it is important to consider the differences between these two diagnostic criteria on birth outcomes.
Currently in the United States, GDM is diagnosed by a twostep approach using the Carpenter-Coustan criteria. However, the hyperglycemia adverse pregnancy outcome study (HAPO) demonstrated a linear relationship between maternal hyperglycemia and adverse perinatal outcomes in women undergoing a fasting 75 grams oral glucose tolerance test (OGTT). 2 The threshold values for the 75 grams OGTT identified a subset of women with mild hyperglycemia who would have been considered normal under the current twostep screen but who had an increased incidence of pregnancy complications. These findings prompted the IADPSG to propose GDM diagnostic criteria that use one-step 75 grams OGTT testing for all women and make the diagnosis of GDM based on one abnormal value with a slightly lower diagnostic threshold. 3, 4 This approach would increase the prevalence of GDM in the U.S. from 5 to 7% to 16 to 18%.
5
One prior study demonstrated that infants of women who would have been treated for GDM by the IADPSG criteria had higher birth weights than either the offspring of women with normal GCT or those with GDM by CC Criteria. 6 This study, however, only included term births and did not adjust for maternal body mass index (BMI) or weight gain during pregnancy in their analyses, both of which are associated with fetal overgrowth. 7 Recently, a panel of experts recommended continued use of the two-step approach until there was evidence of improved outcomes associated with the proposed lower diagnostic threshold.
8
In our study, we hypothesized that women with mild hyperglycemia who did not meet the current diagnostic criteria for GDM would be at risk for the following adverse perinatal outcomes: macrosomia, large for gestational age (LGA), preterm birth, hypertensive disorders of pregnancy, birth trauma, and caesarean delivery.
Methods Sample Selection
This is a retrospective cohort study of 7,819 pregnant women with singleton pregnancies who delivered at a large women's academic hospital between January 2006 and December 2010. Clinical and demographic patient data were abstracted from the hospital's clinical data repository that combines data from the electronic medical record and the administrative claims database. Our sample consisted of women universally screened with a random 50 grams GCT for GDM with the majority screened between 24 to 28 weeks gestational age (GA).
To be included in this study, participants had to have a 1 hour 50 grams GCT < 130 mg/dL, or ! 130 mg/dL and < 180 mg/ dL, and a clinically indicated 3 hours 100 grams OGTT; 755 women did not meet these criteria. An additional 202 women who had a 50 grams GCT between 130 and 135 mg/dL did not have a confirmatory 100 grams OGTT because some physicians used a cutoff of 135 mg/dL to order a 100 grams OGTT. These women differed from the normal group on several clinical characteristics and delivery outcomes (data not shown) and thus were excluded from the main analyses.
Many physicians considered a 50 grams GCT greater than 200 mg/dL diagnostic of GDM and as such, women with these values were included in the GDM/CC group. We identified 41 women with a 50 grams GCT value between 180 and 200 mg/ dL and without a confirmatory 100 grams OGTT, four of whom had a diabetes medication ordered. These women were considered to have GDM based on their elevated 50 grams GCT result and clinical judgment and thus included those in the GDM/CC group after a sensitivity analysis demonstrated that the overall results with and without them were unchanged.
Women were excluded if they had multiple gestations, pre-existing diabetes, or delivered at another hospital. Women were also excluded if they were missing key independent variables, such as glucose values or date of last period (n ¼ 645), had out of range GAs < 0, or > 43 weeks (n ¼ 234), or did not have glucose testing done (n ¼ 46). This resulted in a final sample size of 5,937. ►Fig. 1 shows the sample derivation for these analyses.
GDM Group Classification
To test our hypothesis we compared four nonoverlapping groups of women based on their routine second trimester GDM test results: 1) normal: GCT < 130 mg/dL, 2) mild elevated GCT þ normal OGTT hyperglycemia: abnormal 1 hour GCT þ normal 3 hours 100 grams OGTT, 3) GDM/ IADPSG: abnormal 100 grams OGTT based on the IADPSG criteria (normal based on Carpenter-Coustan, thus untreated), and 4) GDM/CC: GDM diagnosed using the Carpenter-Coustan criteria (►Fig. 1. The IADPSG have endorsed the use of a single step GDM testing strategy using a fasting 2 hours 75 grams OGTT in which only one elevated value (fasting !92 mg/dL, 1 hour ! 180 mg/dL or 2 hour !153 mg/dL) is required to diagnose GDM 3, 4 ; this definition has not been widely adopted in the U.S. We approximated these diagnostic criteria with the approach listed in ►Fig. 1.
The covariates were self-defined race/ethnicity, highest education level completed, marital status, smoking status, gravidity, parity, prepregnancy weight, mother's age at delivery, number of prenatal visits, GA at delivery, and total maternal weight gain (TMWG). TMWG defined as last weight prior to delivery minus measured prepregnancy weight was classified according to the Institute of Medicine 2009 guidelines as insufficient, appropriate, or excessive.
9 Adjusted TMWG (aTMWG) or net maternal weight gain, was defined as the TMWG minus the infant birth weight. This continuous variable was used in the multivariable models to allow for removal of the part versus whole correlation. Prepregnancy weight was used in our models instead of prepregnancy BMI because height was not available for 366 women. We defined gestational diabetes treatment as receiving metformin, insulin, or glyburide within the prenatal period. The primary outcome, LGA birth weight was defined as birth weight > 90th percentile for GA based on U.S. birth weight standards.
10 Secondary outcomes included: 1) macrosomia birth weight ! 4,000 grams as defined in the prior GDM treatment trials 1, 11 ; 2) primary cesarean delivery defined using procedure current procedural terminology (CPT) codes 74, 74.1, 74.9; 3) hypertensive disorders of pregnancy was a composite variable that included either having pre-eclampsia or gestational hypertension as defined by the International Classification of Diseases (ICD) 9 codes 642.41, 642.31, 642.51, 642.71, 642.6 (this composite does not contain code 642.01 for chronic hypertension which was analyzed separately); 4) preterm delivery was defined as a delivery < 37 weeks of gestation; 5) severe vaginal lacerations (3rd/ 4th degree lacerations (664.21, 664.31); and 6) shoulder dystocia (660.41).
Statistical Analyses
Basic descriptive statistics (including Chi-squared or ANOVA [analysis of variance]) were used to summarize demographic and clinical data and assess differences across the four GDM groups. If significant differences were apparent, post hoc comparisons using a Bonferroni's adjustment were conducted. Logistic regression was used to investigate the relationship between GDM group and the primary and secondary outcomes. Unadjusted associations with the GDM group were fit for each outcome and regression models were run including covariates significantly related to GDM group at the 0.10 significance level. Because of the hypothesis-generating nature of this study, all statistical analyses were conducted without -if GDM test data is not useable (e.g. only a 100 GM test was done, or 50 g test only and test result was 136-179 (inclusive), or GDM testing pattern was not "50 GCT or 50 + 100 g OGTT (n = 755 women)
Exclude for subgroup analysis only: if "no GDM" and 50 g test value is 130-135 (n = 202 women) Fig. 1 Sample derivation shows the sample derivation for these analyses. CC, Carpenter-Coustan; GDM, gestational diabetes mellitus; IADPSG, international association of the study of diabetes in pregnancy group; OGTT, oral glucose tolerance test; GCT, glucose challenge test.
adjustment for multiplicity. Regarding sample size, we had sufficient numbers to conduct our analyses; with nearly 6,000 women, we had 80% power to detect an odds ratio of approximately 1.19 between the "normal" group and the "GDM by IADPSG criteria" group (e.g., the group with the smallest sample size) on the primary outcome of LGA after accounting for covariate adjustment. In other words, this effect represents a 19% increased risk in the odds of LGA to the "GDM by IADPSG criteria" group. The other comparisons ("Normal" vs. "elevated GCT þ normal OGTT" and "Normal" vs. "GDM by CC Criteria") would have greater power to detect the same effects due to the larger collective sample sizes. This research study was conducted according to the prevailing ethical principles and was approved by the University's Institutional Review Board.
Results
GDM prevalence in this population was 4.6% using GDM/CC criteria; an additional 3.0% was detected using the GDM/ IADPSG for a total of 7.6%. The mean GA when the 50 grams test was performed was 26.67 (SD [standard deviation] 3.39)
weeks; 75% of women were within a range of 24 to 28 weeks. The mean 50 grams glucose values were significantly different across the four groups and increased across the groups from normal to mild, GDM/IADPSG, and GDM/CC. The four groups varied by socioeconomic and clinical characteristics (►Table 1). Those in the mild and GDM/IADPSG were more like to be white, the normal were more likely to be black, and the GDM/CC group was more likely to be other. A larger proportion of the normal group had at least a high school education. The normal group was also less likely to be married and younger. Across groups there were no significant differences by number of prenatal visits, gravidity, or parity.
Women in the normal, elevated GCT þ normal OGTT, and GDM/IADPSG groups had similar distributions of prepregnancy BMI categories: 50 to 60% of these women had a normal prepregnancy BMI compared with 36.5% in the GDM/ CC group. The overall mean aTMWG was 24.6 AE 13.4 lbs. Women who were overweight (À1.8 lbs.; p ¼ 0.002) or obese prepregnancy (À10.0 lbs, p < 0.001) had a lower total net maternal weight gain compared with women in the normal prepregnancy weight group. Across the four groups, women LGA differed significantly across groups and was highest in the GDM/IADPSG group (18.9%) followed by the GDM/CC group (14.8%), elevated GCT þ normal OGTT (12.1%), and normal groups (10.8%; p ¼ 0.005; ►Table 2). The Bonferroni-corrected pairwise comparisons revealed that the primary difference was between the normal (10.8%) and GDM/IADPSG (18.9%) groups (p ¼ 0.0038). However, in the multivariable analyses (►Table 3), there no longer was a significant relationship between group and LGA. Macrosomia was also significantly different from the normal group in the GDM/IADPSG group on both unadjusted and adjusted analyses. Similarly, preterm birth was significantly higher in the GDM/CC group (p ¼ 0.031) in multivariable analyses. There were no group differences in the outcomes of primary caesarean delivery, hypertensive disorder of pregnancy, vaginal lacerations, and shoulder dystocia after adjustment for covariates.
High prepregnancy weight and adjusted maternal weight gain were independent predictors of LGA, macrosomia, Csection, gestational hypertension/preeclampsia adjusting for GDM screening group (e.g., normal, elevated GCT þ normal OGTT, GDM/IADPSG, GDM/CC) and other covariates (p < 0.05, data not shown). Prepregnancy weight and maternal weight gain were not associated with risk of perinatal trauma and preterm delivery.
While the majority of our women were screened between 24 to 28 weeks of GA, 25% were screened either before or after this timeframe. Because women screened early in pregnancy may have different risk factors for GDM compared with those women screened later in pregnancy, we conducted a series of sensitivity analyses to examine this issue. We compared demographic and clinical characteristics across 50 grams GCT GA timeframes (less than 24 weeks, 24 to 28 weeks, greater than 28 weeks GA). While there were differences in baseline characteristics across GA screening timeframes (data not shown), there was no relationship between GA timing and the distribution of GDM classifications (i.e., normal, elevated, IADPSG, CC). We next restricted our analysis to only those women with screening between 24 and 28 weeks and we found a similar pattern of baseline demographic characteristics, GDM classification, and delivery outcomes among those women screened at 24 to 28 weeks and the overall cohort (data not shown).
Discussion
The overall prevalence of GDM in our study was 7.6% which was lower than the combined prevalence reported in the HAPO study (17.8%) and within the range 9.3 to 25.5% of GDM prevalences reported for 15 HAPO study centers, and similar to prevalences of 7.3% found by Ethridge et al and 10.3% found by Mayo et al. 5, 7, 12 The variation in the GDM prevalence across the studies may be due to the differences in the glucose measures for the diagnosis of GDM, the use of the two-step versus one step screening approach, the rates of maternal obesity and prevalence of impaired glucose metabolism in the general population of the study sites. Women who met the GDM/IADPSG criteria were significantly more likely than the Normal group and GDM/CC group to have babies with macrosomia. This finding was consistent with the association reported from the Mayo et al study in their untreated GDM/IADPSG group.
12 Treatment of women with GDM diagnosed by the Carpenter-Coustan criteria is known to result in lower birth weight and reduced risk for macrosomia and LGA. 1, 11 Women in the GDM/IADPSG group in our study were not treated for GDM; this may explain the higher prevalence of macrosomia in this group and differences from the study by Feldman et al which found that the screening according to the IADPSG criteria group was not associated with lower rates of macrosomia or LGA.
13
We did not find a significant increase in the proportion of cesarean deliveries in the GDM/CC group compared with the GDM/IADPSG group in our study. Our results differed from previous study findings which reported an increase in the IADPSG groups.
12-14 The prospective diagnosis and treatment of the IADPSG group in the study by Duran et al that showed a decrease in cesarean rate, 14 and the untreated IADPSG group in the studies by Feldman 13 and Mayo
12
showing an increase in cesarean rates may explain these discrepancies in the study findings.
12,13
Women in the GDM/CC criteria were significantly more likely to deliver prematurely which was consistent with reports from Mayo et al and Duran et al 12, 14 However, this finding differed from the results by Ethridge et al who similarly compared GDM diagnostic criteria because they only included terms births. 7 Whether iatrogenic preterm birth, based on the diagnosis of GDM, contributes to the increased risk for preterm LGA, large for gestational age; OGTT, oral glucose tolerance test; OR, odd ratio.
Note: Reference group is normal group. Models for LGA, macrosomia, primary C-section, gestational HTN/preeclampsia, and perinatal trauma were adjusted for race, marital status, maternal education, mother's age at delivery, gestational age at delivery, prepregnancy weight and adjusted total maternal weight gain. The model for preterm birth did not include gestational age at delivery.
birth in this group that requires further exploration. We used ICD9 and CPT codes and were unable to determine whether the preterm births were spontaneous or indicated. Finally, none of the birth outcomes were significantly different among the women in the elevated GCT þ normal OGTT compared with the normal group after adjustment. In summary, the association between adverse perinatal outcomes and the IADPSG criteria for diagnosing GDM reported across several studies remains varied. 7, [12] [13] [14] The disparity in this finding across the studies may be attributed to differences in study design (largely retrospective), glucose testing strategy, treatment (or not) of the IADPSG group, and in the prevalence of obesity and GDM in the population at the study institutions. Only future investigation with a prospective and/or randomized control trial that directly compares the IADPSG criteria and CC criteria will elucidate the association with adverse perinatal outcomes.
Women with an elevated 50 grams GCT !130 mg/dL and a normal 3-hour OGTT had similar perinatal outcomes in this study as the women with a normal 50 grams GCT (< 130 mg/ dL). This differs from prior work that demonstrated that women with an elevated 50 grams GCT and normal 3-hour OGTT may still be at risk for adverse outcomes but the difference may be related to use of a comparison group with a 50 grams GCT less than 120 mg/dL in prior studies.
15
The overall low risk of complications among women with a normal 50 grams GCT or abnormal 50 grams GCT and normal 3-hour OGTT suggests only a very small proportion of women would have had a normal 50 grams GCT and significantly elevated 3-hour OGTT with downstream adverse outcomes.
Women in the GDM/IADPSG group had the highest proportion of excessive weight gain during pregnancy while the GDM/CC group, elevated 50 grams þ normal 100 OGTT group and normal group were lower and similar. This is likely because women in the GDM/CC group would have received dietary counseling whereas those in the GDM/ IADPSG group likely did not. Excess weight gain during pregnancy is a major risk factor for weight retention postpartum and long-term metabolic risks. 16 Limited weight gain in obese women with GDM perhaps is one important health benefit of GDM diagnosis as the increased detection allows for interventions that may reduce the metabolic dysfunction that leads to type 2 diabetes.
17
Several limitations deserve mention. Since our institution does not routinely use the one-step 75 grams testing strategy, all women received a 100 grams OGTT and we were unable to compare the one-step and two-step strategies directly. However, the largest study comparing maternal glucose values after a 100 versus 75 grams oral glucose load at 24 to 28 weeks found that results were similar at 1 hour after the glucose load and both the one and two-hour values were significantly correlated.
18 While our approach is not an exact representation of the IADPSG diagnostic criteria because women underwent a 100 grams OGTT rather a 75 grams OGTT, these data allowed us to estimate birth outcomes in women with these levels of hyperglycemia. Additionally, we may have underestimated the proportion of women who would have screened positive for GDM using the one-step IADPSG approach because some women with a normal 50 grams GCT may have had an abnormal 75 grams OGTT. We also separated the women with a normal 50 grams GCT from those with an elevated 50 grams GCT but normal 100 grams OGTT to analyze the outcomes associated with each of these groups. There are variations in GDM screening patterns and we included women with GDM screening before 37 weeks. Our sensitivity analyses demonstrated that inclusion of these women did not affect our overall results. There were also women who could not be included because of irregular GDM screening approaches. Women diagnosed with GDM at our institution routinely receive dietary education, self-blood glucose monitoring, and medications as per clinical recommendations. 19 We do not have specific information on lifestyle interventions or adherence to treatment. We had limited data on neonatal outcomes and were unable to classify preterm births into spontaneous or indicated, so the neonatal implications of preterm birth in our study are incompletely understood. Finally, we used ICD 9 and CPT procedure codes to identify outcomes and potentially underestimated the prevalence of these outcomes due to potential miscoding. Despite these limitations, this was a large cohort of pregnant women from a clinical setting that provided sufficient perinatal variables to examine the association of GDM screening classification and fetal growth and other secondary outcomes. An important and unique feature of these analyses was that the GDM/IADPSG group was untreated and had rates of adverse birth outcomes similar to those observed in HAPO. Under the current testing strategy (two-step CC approach), this group would have been considered normal. However, if the one-step IADSPG strategy was implemented, this group and a portion of the elevated GCT þ normal OGTT group most likely would have been identified as GDM and treated. The potential benefit of treating women with mild hyperglycemia should be confirmed by a randomized clinical trial designed to directly compare the two screening approaches. Findings from two NIH funded randomized controlled trials currently underway will better delineate the risks and benefits of expanding the GDM diagnostic criteria.
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